Atrophic gastritis (AG) is a well-recognized high-risk condition for developing gastric cancer (GC). Gastrin 17 (G17), a hormone secreted from antral G cells, regulates gastric acid secretion, and its serum level is a possible indicator of antral atrophy. Serum pepsinogen is well established as the indicator of AG involving the corpus. Here we investigated whether serum PG and G17 levels would be useful for determining the topographic pattern of AG and estimating the risk of GC. Enrolled were 122 Japanese patients with early GC (114 well-to moderate-differentiated cancers and 8 poorly-differentiated cancers). In addition, 178 subjects without GC were recruited as control from those undergoing endoscopic examination (non-GC group). All subjects were histologically assigned to the following four groups: non-AG, antrum-predominant AG, corpus-predominant AG, and multifocal AG, affecting the antrum and corpus. Serum concentrations of pepsinogen and G17 were determined using ELISA. Multifocal AG was more frequent in the GC group than in the adjusted non-GC group, and had the highest risk of GC (OR 25.1). Serum G17 was significantly decreased with the exacerbation of antral atrophy in the coexistence of corpus atrophy. Serum biomarker profiles showed that the low levels of pepsinogen and G17 could discriminate between multifocal AG and other types of AG, but not with pepsinogen level alone. Serologically defined multifocal AG had the highest cancer risk among other serologically defined AG groups (OR 26.9). In conclusion, the low serum levels of pepsinogen and G17 are predictive of extensive gastric atrophy with high-risk of early GC.
Atrophic gastritis is a well-recognized high-risk condition for developing gastric cancer, especially for intestinaltype cancer (Siurala et al. 1966; Svendsen et al. 1986; Correa et al. 1990) , and the risk varies depending on the severity or topography of the atrophic change (Cassaro et al. 2000; Uemura et al. 2001) . Although corpus atrophy and its accompanying hypochlorhydria is known to be a primarily important risk factor for gastric cancer, histological analyses suggest that co-existing antral atrophy could represent additional substantial risk for gastric cancer in individuals with corpus atrophy (Sipponen and Stolte 1997; Rugge et al. 2007 ). Thus, currently, extensive gastric atrophy spreading in both gastric corpus and antrum, referred to as multifocal atrophic gastritis (MAG), is widely recognized to be the most risky form of gastric atrophy for developing gastric cancer (Faraji and Frank 2002) .
Upper gastrointestinal endoscopy with sampling of multiple biopsies from the gastric antrum and corpus is required to determine the topographical distribution and severity of gastric atrophy. However, its use for screening for the prevention of gastric cancer is generally limited because of its invasiveness and cost. Therefore, a number of studies have attempted to seek ideal serological markers for gastric atrophy (di Mario and Cavallaro 2008) . Serum pepsinogen (PG) is at present the most intensively studied biomarker (Kitahara et al. 1999; Varis et al. 2000; Broutet et al. 2003; Miki et al. 2003) . PG I is secreted exclusively by the fundic glands (Samloff 1971) , and PG II is secreted by the fundic glands, pyloric glands, and the proximal duodenal mucosa (Samloff and Liebman 1973) . It has been shown that the decreases in serum PG I and PG I/II ratio correlate well with the severity of corpus atrophic gastritis and gastric acid hyposecretion (Miki et al. 1987; Borch et al. 1989) , indicating that serum PG is a useful biomarker reflecting the morphological and functional status of the gastric corpus mucosa. Therefore, measurement of serum PG has been a promising approach to estimate the risk of gastric cancer. Recent prospective cohort studies have proven that the measurement of serum PG can provide an appropriate estimation of the gastirc cancer risk (Watabe et al. 2005; Oishi et al. 2006; Yanaoka et al. 2008) . Theoretically, however, due to the PG produced by fundic glands, the serum PG test is unable to evaluate antral atrophy and its related cancer risk.
On the other hand, it has been known that the serum level of gastrin decreases with worsening of antral atrophy (Stockbrugger et al. 1977 ), but, it has not been utilized to evaluate antral atrophy mainly because of a feedback regulation by intragastric acidity or aggregates of several gastrin fractions derived from gastric antrum and other gastrointestinal tract (Sipponen et al. 1990 ). Recent studies have reported that gastrin17 (G17) was exclusively secreted from antral G cells, and its serum level may reflect the severity of antral atrophy more accurately compared with serum total gastrin (Sipponen et al. 2002a (Sipponen et al. , 2002b Väänänen et al. 2003; Germaná et al. 2005) . Consequently, the determination of G17 in combination with serum PG can yield a topographic assessment of atrophic gastritis (antrum-or corpuspredominant atrophic gastritis or multifocal atrophic gastritis), potentially serving as a serological risk assessment of gastric cancer. Some previous reports have used an increased level of serum G17 for improving the accuracy for serological detection of corpus atrophic gastritis or estimating the risk for gastric cancer (Shiotani et al. 2005 , Rollan et al. 2006 , Cao et al. 2007 ), but no studies have evaluated the topographic pattern of atrophic gastritis and its related cancer risk by using an increased and/or decreased level of serum G17 in combination with serum PG value.
The aim of this case-control study was first to assess the cancer risk of atrophic gastritis by histological topographic assessment in Japanese subjects, and then to investigate whether serum PG and G17 levels would be useful in determining the topographic pattern of AG and in estimating the risk of gastric cancer.
Material and Methods

Subjects
This study population was composed of two patient groups with and without gastric cancer who visited Tohoku University outpatient clinic from July 2006 to February 2009. One group consisted of 122 patients (90 men) with early gastric cancer with a mean age of 68.2 years (range 41-87) (GC group). The other consisted of 178 patients (97 men) without gastric cancer with a mean age of 56.2 years (range 22-82) (non-GC group). In the GC group, 79 patients had a history of complete endoscopic mucosal resection with a lag time of 4 years or less between the enrollment into this study and the endoscopic treatment, and 43 patients were scheduled for endoscopic or surgical treatment. All of the cancers were diagnosed as being confined to the mucosal or submucosal layer by histopathological evaluation of the resected samples. Their histopathological types consisted of 114 well-to moderately-differentiated and 8 undifferentiated (poorly-differentiated) adenocarcinomas.
The majority of the non-GC group subjects had been recruited from our previous study to validate the usefulness of measuring serum G17 in combination with PG and anti-Helicobacter pylori (H. pylori) antibody (the European Gastropanel examination) for the serological diagnosis of atrophic gastritis in Japan (Iijima et al. 2009 ). The reasons for endoscopic examination in the non-GC group were as follows; dyspeptic symptoms in 39 subjects, screening purposes in 71, annual endoscopic check-up in 42, positive results in mass screening with barium meal examinations in 26. The non-GC group was endoscopically diagnosed as scarred stage of gastric or duodenal ulcer in 16, superficial gastritis in 17, chronic atrophic gastritis in 66, and no abnormality in 79. Those with active or healed stage of gastric or duodenal ulcer were excluded. Other exclusion criteria were medication with proton pump inhibitor, histamine receptor antagonist, steroid, anticoagulant agent, non-steroidal anti-inflammatory agent, previous eradication therapy of H. pylori, previous history of gastroduodenal surgery and chronic renal failure. This study was approved by the Ethics Committee for Human Research at Tohoku University Graduate School of Medicine, Sendai, Japan and informed consent was obtained from each participant.
The histological diagnosis and the topographical classification of the gastric atrophy
Biopsies were taken from four specific sites according to the updated Sydney system (Dixon et al. 1996) ; two were from the lesser and greater curvatures of the antrum, and the remaining two were from the lesser curvatures of the middle body and the greater curvatures of the upper body. Biopsy specimens were routinely fixed in neutral formalin and processed in paraffin. Tissue sections were stained with Hematoxylin-eosin and modified Giemsa (H. pylori staining) methods. Histological atrophy was defined as a loss of the inherent gastric gland, and the degree was assessed by grading from 0 to 3 based on the visual analogue scale according to the updated Sydney system. Using the mean atrophy score of the respective two biopsies from the antrum and the corpus, the topographical predominance of mucosal atrophy was determined. Mean atrophy score more than 1 was defined to having a AG because one has to be careful in assessing gastric atrophy by histology due to some difficulties in distinguishing the atrophic gland from normal gland, especially in the antrum (Ruiz et al. 2001; Staibano et al. 2002) . All subjects were assigned to one of the following four groups:
Non atrophic gastritis (NAG); the atrophy of both the antrum and the corpus was absent or mild irrespective of any metaplastic change, inflammation, or H. pylori infection (mean antral atrophy score ≤ 1, mean corpus atrophy score ≤ 1).
Antrum-predominant atrophic gastritis (APG); the atrophy of the antrum was moderate or severe, while the atrophy of the corpus was absent or mild (mean antral atrophy score > 1, mean corpus atrophy score ≤ 1).
Corpus-predominant atrophic gastritis (CPG); the atrophy of the antrum was absent or mild, while the atrophy of the corpus was moderate or severe (mean antral atrophy score ≤ 1, mean corpus atrophy score > 1).
Atrophic gastritis both in the antrum and the corpus (multifocal atrophic gastritis, MAG); the atrophy of both the antrum and the corpus was moderate or severe (mean antral atrophy score > 1, mean corpus atrophy score > 1).
The biopsy specimens were interpreted by two experienced pathologists (YA and AI) without knowledge of the clinical informa-tion or the results of serum biomarkers. Discordant histological diagnose were resolved by joint discussion.
Measurement of serum biomarkers
Fasting serum samples obtained from all participants were centrifuged immediately at 4°C and stored at −20°C until measurement. Serum concentrations of PG I and II were measured using a CLEIA kit (Lumipulse pepsionogen I & II, Fujirebio Inc, Tokyo, Japan) and H. pylori IgG antibody was measured using an EIA kit (E Plate "Eiken" H. pylori-antibody, Eiken Chemical Co. Ltd., Tokyo, Japan). The measurement of G17 was performed by a specific ELISA kit (Gastropanel, Biohit Plc, Helsinki, Finland).
Determination of H. pylori infection
H. pylori infection status was assessed by histology (Giemsa staining) and serum IgG antibody to H. pylori. We considered H. pylori negative when both tests were negative, and H. pylori positive when at least one of the two tests was positive.
Statistical analysis
Data with continuous variables were expressed by mean (standard deviation), and compared using Mann-Whitney U test between any two groups (Table 1 ). Fisher's exact probability test was used for the comparison of the prevalence rate between any two groups (Table  1 ). In comparison of the topographic pattern of atrophic gastritis between the non-GC group and the GC group, the non-GC patients were adjusted for age by a direct method using the GC patients as the standard population (Table 2 ). Spearman's rank correlation test was used to detect the significant correlation between serum level of biomarkers and the severity of antral or corpus atrophy (Figs. 1 and 2). Serum biomarker profiles in the four histologically classified groups of atrophic gastritis were compared using Tukey-Kramer test (Fig. 3) . According to the histological and serological classification of atrophic gastritis, the risk for gastric cancer was estimated and presented as odds ratio with 95% confidence interval (95% C.I.) using univariate and multivariate analysis including age, gender and H. pylori infection (Table 3 and 4) . Sensitivity, specificity and positive likelihood ratio were calculated to compare the diagnostic performance of the different serological tests using PG or G17 level in detecting gastric cancer (Table 5) . A p value less than 0.05 was defined to be statistically significant.
Results
Basic demographic data, serum biomarker profile, H. pylori prevalence and histological gastric atrophy in GC and non-GC groups
Age, gender, the level of serum biomarkers, H. pylori infection rate, and the degree of histological gastric atrophy in this study population are shown in Table 1 . The GC group was significantly older and more male-predominant than the non-GC group. PG I ≤ 70 ng/ml and PG I/II ≤ 3 were significantly more prevalent in the GC group than the non-GC group, but G17 ≤ 1 did not differ between the two groups (non-GC 12.4%, GC 15.6%). H. pylori infection was present in 113 of 182 non-GC subjects (61.2%) and in 100 of 122 patients with gastric cancer (82.0%), which reached a significant difference. The degree of histological Age was represented by mean (standard deviation). Histological gastric atrophy was assessed by grading from 0 to 3 based on the updated Sydney system, and expressed as mean (standard deviation). Non-GC group, non gastric cancer group; GC group, gastric cancer group; PG, pepsinogen; G17, gastrin17; lc, lesser curvature; gc, greater curvature. *Fisher's exact probability test, **Mann-Whitney U-test. P value was calculated between the non-GC group and the GC group. NAG, histological non-atrophic gastritis; APG, histological antrum-predominant atrophic gastritis; CPG, histological corpus-predominant atrophic gastritis; MAG, histological multifocal atrophic gastritis; non-GC group, non gastric cancer group; GC group, gastric cancer group. *The control subjects are adjusted for age by a direct method using the gastric cancer patients as the standard population. **P value was calculated between the adjusted non-GC group and the GC group by Fisher's exact probability test. , and between the severity of antral atrophy and serum G17 (C). The ends of the boxes define the 25th and 75th percentiles, with the horizontal line indicating the median value in the boxes and error bars defining the 10th and 90th percentiles. The severity of mucosal atrophy in the antrum and corpus was determined by the mean atrophy score of two biopsy samples. None, no atrophy (mean atrophy score 0-0.5); Mild, mild atrophy (mean atrophy score 1-1.5); Moderate, moderate atrophy (mean atrophy score 2-2.5); Severe, severe atrophy (mean atrophy score 3); PG, pepsinogen; G17, gastrin17; n.s., not significant. The statistical significance was determined by Spearman's rank correlation test. Fig. 2 . The relationship between serum G17 level and the severity of antral atrophy according to the presence or absence of corpus atrophy. Box plot shows the comparison between serum G17 level and the severity of antral atrophy in the absence of corpus atrophy (A) and in the presence of corpus atrophy (B). The ends of the boxes define the 25th and 75th percentiles, with the horizontal line indicating the median value in the boxes and error bars defining the 10th and 90th percentiles. The severity of mucosal atrophy in the antrum was determined by the mean atrophy score of two biopsy samples. None, no atrophy (mean atrophy score 0-0.5); Mild, mild atrophy (mean atrophy score 1-1.5); Moderate, moderate atrophy (mean atrophy score 2-2.5); Severe, severe atrophy (mean atrophy score 3); PG, pepsinogen; G17, gastrin17; n.s., not significant. The statistical significance was determined by Spearman's rank correlation test.
gastric atrophy was significantly higher in the GC group than in the non-GC group in all 4 biopsy sites of the antrum and corpus.
Histological topographic pattern of gastric atrophy and gastric cancer risk
Most patients of the GC group were assigned to CPG (36.9%) or MAG (52.5%). The MAG pattern was significantly more prevalent and the NAG pattern was signifi- NAG, histological non-atrophic gastritis; APG, histological antrum-predominant atrophic gastritis; CPG, histological corpus-predominant atrophic gastritis; MAG, histological multiple atrophic gastritis; CI, confidence interval; OR, odds ratio. s-NAG, serologically defined non-atrophic gastritis;s-APG, serologically defined antrum-predominant atrophic gastritis; s-CPG, serologically defined corpus-predominant atrophic gastritis; s-MAG, serologically defined multifocal atrophic gastritis; PG, pepsinogen test; G17, gastrin-17. CI, confidence interval; OR, odds ratio.
cantly less prevalent in the GC group than in the non-GC group after adjusting for age (Table 2) . CPG was similarly prevalent at about 30-40% in both groups. APG was uncommon in both groups with a low prevalence of approximately 3-4%.
As shown in Table 3 , age and male gender was determined to be significant risks factor for gastric cancer both by univariate and multivariate analysis. The positivity of H.pylori infection was found to be a significant cancer risk by univariate analysis (unadjusted odds ratio 2.88), but not by multivariate analysis (adjusted odds ratio 0.73). When using the NAG group as a reference, the adjusted odds ratio for gastric cancer in each histologically classified group of atrophic gastritis was 13.7 for APG, 8.6 for CPG and 25.1 for MAG. Thus, MAG had the histological topographic pattern of gastric atrophy with the highest risk for gastric cancer after controlling for age, gender and H. pylori infection.
The relationship between serum biomarkers and the severity of antral or corpus atrophy
To evaluate the validity of serum biomarker as an indicator for gastric atrophy, we analyzed the relationship between serum biomarkers and the severity of antral or corpus atrophy in all subjects together. The serum PG, especially PG I/II ratio, significantly and stepwisely decreased with the increasing grade of corpus atrophy (PG I -none corpus atrophy, 49.5 ± 22.6 ng/ml; mild, 55.3 ± 31.5 ng/ml; moderate, 45.7 ± 25.1 ng/ml; severe, 22.6 ± 22.6 ng/ml, PG I/II -non corpus atrophy, 5.1 ± 1.4; mild, 2.9 ± 1.2; moderate, 2.6 ± 1.1; severe, 1.4 ± 0.8) (Fig. 1A, B) . On the other hand, there was no significant correlation between the serum G17 level and the severity of antral atrophy (G17 -none antral atrophy, 9.5 ± 16.7 pmol/l; mild, 16.3 ± 20.3 pmol/l; moderate 7.0 ± 9.5 pmol/l; severe, 4.6 ± 6.4 pmol/l) (Fig. 1C) . When examined the relationship between serum G17 level and the severity of antral atrophy separately according to the presence or absence of corpus atrophy, serum G17 significantly decreased with the severity of antral atrophy in the presence of corpus atrophy whereas no correlation between them was found in the absence of it ( Fig. 2A, B) . Thus, these observations suggested that serum PG could be a reasonable serological indicator for corpus atrophy, while serum G17 could be a possible marker of antral atrophy in the coexistence of corpus atrophy.
Serum biomarker profile according to the histological topography of gastric atrophy
Next, we examined serum biomarker profiles in the 4 histologically classified subgroups of atrophic gastritis (NAG, APG, CPG and MAG) in all subjects together. Serum PG I in the MAG was lower compared with that in the NAG and CPG with statistical significance, but there was a large overlap between the CPG and MAG group (NAG, 52.1 ± 25.5 ng/ml; APG, 43.6 ± 21.3 ng/ml; CPG, 43.1 ± 29.9 ng/ml; MAG, 31.8 ± 20.9 ng/ml) (Fig. 3A) . The PG I/II ratio in the NAG group was significantly higher compared with the other 3 subgroups and the ratio in the APG was also significantly higher than that in the CPG or MAG group, but there was no difference between CPG and MAG (NAG, 4.6 ± 1.6; APG, 3.1 ± 1.0; CPG, 2.0 ± 1.1; MAG, 2.1 ± 1.2) (Fig. 3B) . On the other hand, serum G17 in the CPG was exclusively elevated among the 4 subgroups of AG, resulting in only a little overlap between CPG and the other subgroups (NAG, 4.4±6.3 pmol/l; APG, 2.9 ± 4.1 pmol/l; CPG, 20.8 ± 23.0 pmol/l; MAG, 6.3 ± 8.7 pmol/l) (Fig. 3C) . These results suggest that a combination of low PG (especially low PG I/II ratio) and low G17 may be useful for the serological determination of the MAG pattern of AG, although measurement of either alone was inadequate for evaluation.
Serological topographic classification of gastric atrophy and risk assessment for gastric cancer
As established previously (Dinis-Ribeiro et al. 2004 ), the subjects with PG I ≤ 70 ng/ml and PG I/II ratio ≤ 3 (positive PG test) were defined to have serological corpus atrophy, while those with PG I > 70 ng/ml and/or PG I/II ratio > 3 (negative PG test) were serologically diagnosed to be free of corpus atrophy. On the other hand, based on a reference range of serum fasting G17 in the manufacturer's instructions (1-10pmol/l), the subjects with G17 ≤ 1 pmol/l were defined to have serological antral atrophy (Iijima et al. 2009) , and all subjects were serologically divided into the following 4 subgroups: negative PG test and G17 > 1 pmol/ l, serological NAG; nagative PG test and G17 ≤ 1 pmol/l, serological APG; positive PG test and G17 > 1 pmol/l, serological CPG; positive PG test and G17 ≤ 1 pmol/l, serologi- PG, pepsinogen test; G17, gastrin 17. Conventional PG, PG I ≤ 70 ng/ml and PG I/II ratio ≤ 3. Strict PG, PG I ≤ 30 ng/ml and PG I/II ratio ≤ 2. Combined PG/G17, PG I ≤ 70 ng/ml and PG I/II ratio ≤ 3 and serum G17 ≤ 1 pmol/l.
cal MAG. Although G17 ≤ 1 pmol/l was defined as a barometer for gastric antral atrophy, a decrease of serumG17 suggests not only loss of gastrin secreting G cells but also high intragastric acidity that inhibits the release of G17 from antral G cells (Sipponen et al. 2002b (Sipponen et al. , 2005 Väänänen et al. 2003) . Thus, as depicted even in our results (see Fig. 2A and 2B,  Fig. 3C ), due to the limited ability of serum G17 to discriminate the antral atrophy in the absence of corpus atrophy (Sipponen et al. 1990; Storskrubb et al. 2008) , we grouped serological NAG and serological APG together, and used them as a reference. Then, the odds ratio for gastric cancer in each subgroup was calculated by univariate and multivariate analysis (Table 4) . Using the serological NAG and APG group as a reference, the adjusted odds ratio for gastric cancer in the serological CPG and serological MAG was 3.7 and 26.9, respectively. Thus, as well the histological-classified MAG, the serologically classified MAG was found to have a markedly and significantly high-risk for gastric cancer after controlling for age, gender and H. pylori infection.
Comparison of risk assessment and diagnostic performance for gastric cancer by different serological tests
The serological risk assessment of gastric cancer using "the low PG and low G17 combined criteria (PG I ≤ 70 ng/ml and PG I/II ratio ≤ 3 and G17 ≤ 1 pmol/l)" was compared with that using "the conventional PG criteria (PG I ≤ 70 ng/ml and PG I/II ratio ≤ 3)" and "the strict PG criteria (PG ≤ 30 ng/ml and PG I/II ratio ≤ 2)". Using the subjects not fulfilling the respective criteria as a reference, multivariate analysis showed that the odds ratio for gastric cancer in the subjects with positive results of the conventional PG, the strict PG and the low PG and low G17 combined criteria was 4.5 (95% C.I., 2.4-8.7, p < 0.0001), 3.8 (95% C.I., 2.0-7.4, p < 0.0001) and 11.8 (95% C.I., 2.5-55.1, p = 0.0018), respectively (Table not shown) .
The sensitivity, specificity and positive likelihood ratio were calculated using the above 3 different criteria in order to test the diagnostic performance of gastric cancer. As shown in table 5, the sensitivity decreased from 77.9% in the conventional PG criteria to 41.3% in the strict PG criteria, and further fell to 12.3% in the low PG and low G17 combined criteria. In contrast, the specificity increased in steps from 61.8% in the conventional PG criteria to 98.9% in the low PG and low G17 combined criteria. The positive likelihood ratio calculated by the low PG and low G17 combined criteria was 11.2, being the highest among these 3 criteria (conventional PG, 2.0; strict PG, 4.2).
Discussion
We first confirmed in this study by histological assessment using multiple gastric biopsies that the presence of antral atrophy in addition to corpus atrophy, as referred to as the MAG, was associated with a markedly increased risk for gastric cancer, although a vast majority of patients with gastric cancer have corpus atrophic gastritis. Next, for the first time, we found that MAG could be serologically identified by the combination of low PG and low G17, and that the serologically defined MAG showed a markedly high risk for gastric cancer as consistent with estimation by the histological analysis. Therefore, in the mass screening of early gastric cancer, it is important how to efficiently determine the MAG pattern atrophy.
Early studies among Japanese subjects, the population known to have a high prevalence of H. pylori infection and its-induced atrophic gastritis (Asaka et al. 1992) , have shown that gastric atrophy develops initially in the antrum and sequentially spreads to the corpus with age (Kimura and Takemoto 1969; Kimura 1972) . Thus, it has been widely recognized in Japan that corpus atrophy usually entails antral atrophy. Since corpus atrophy is exclusively crucial to the risk of gastric cancer, little attention has been paid to antral atrophy. Our present study clarified the intrinsic significance of antral atrophy in assessing the risk of gastric cancer in Japanese patients, being compatible with previous histological reports from Western countries (Sipponen and Stolte 1997; Rugge et al. 2007 ). In addition, regarding the topographic pattern of gastric atrophy, this study showed that more than half of individuals whose corpus mucosa was eroded by atrophic change were free of antral atrophy (98 individuals with CPG in 185 individuals with CPG or MAG), and that such subjects (CPG) constituted about 30-40% in both the adjusted non-GC group and the GC group. This finding might provide a conflict with the traditional recognition on the topographic distribution of atrophic gastritis in Japanese subjects (Kimura and Takemoto 1969; Kimura 1972; Satoh et al. 1998 ) as mentioned above. It has been reported that there has been a significant increase in gastric acid secretion associated with dramatic westernization of diet in Japanese subjects over the past decades, irrespective of H. pylori infection (Kinoshita et al. 1997) . There is also a relatively sharp reduction of H. pylori prevalence in Japan (Fujisawa et al. 1999) . Those observations may alter the gastric milieu, possibly leading to changes in the prevalence or pattern of chronic gastritis including autoimmune gastritis.
As have demonstrated in many previous reports (Dinis-Ribeiro et al. 2004 ), our study found that serum PG could be a good serological indicator of corpus atrophy. However, as illustrated in Figure1C, there was no significant correlation between serum G17 and increasing grade of antral atrophy, indicating that a low level of serum G17 is not directly linked to antral atrophy. This observation can be explained by serum profile of G17, which decreases not only by a loss of antral G cells but also by a feed-back inhibition of G17 release from antral G cells driven by high intragastric acidity (Sipponen et al. 1990 (Sipponen et al. , 2005 . For instance, in this study, serum G17 less than 1 pmol/l was observed even in 20 subjects of the NAG group, which is free from antral atrophy. This could be a cause of serological misinterpretation of antral atrophy. However, as depicted in Fig. 2B , a significant inverse correlation was shown between serum G17 and the severity of antral atrophy in the coexistence of corpus atrophy. Consequently, coexisting corpus atrophy allows us to rule out the possibility of feed-back inhibition of G17 release by high intragastric acidity, making use of a low level of serum G17 as a more reliable biomarker to predict the presence of antral atrophy (Sipponen et al. 1990 (Sipponen et al. , 2002b Germaná et al. 2005) . Indeed, in this study, serum G17 of less than 1 pmol/l was found only in one of 98 CPG patients, who had corpus atrophy but lacked antral atrophy. To serologically and reliably evaluate the topographic pattern of AG, a combination of serum PG and G17 would be needed.
Although accumulating evidence suggests the usefulness of serum PG for serological risk assessment for gastric cancer (Kitahara et al. 1999; Varis et al. 2000; Miki et al. 2003; Watabe et al. 2005; Oishi et al. 2006; Yanaoka et al. 2008) , there are only a few reports on serum G17. In the previous reports, it was described that an increased level of serum G17 was useful for cancer screening by improving the serological detection of corpus atrophy (Shiotani et al. 2005; Rollan et al. 2006; Cao et al. 2007 ). In contrast, our study indicated that a decreased level of serum G17, combined with a low level of PG, could be useful for the risk assessment of gastric cancer through serologically determining extensive atrophic gastritis, assigned to the MAG in this study. The low sensitivity (12.3%) of these criteria for the detection of gastric cancer, however, would preclude its general usage such as community-based mass screening. Nonetheless, the high specificity (98.9%) and positive likelihood ratio (11.2) of the combined criteria would suggest a potential advantage under a specific situation such as stratification and management of super high-risk individuals for gastric cancer (Stengel et al. 2003) . For instance, we could recommend individuals with the positive results for our "low PG and low G17 combined criteria" to undergo annual endoscopic examination rather than mass screening with Xray due to its exclusive high specificity for gastric cancer.
The reasons why the risk for gastric cancer increased dramatically in coexisting antral and corpus atrophy (the MAG group) compared with corpus atrophy alone (the CPG group) are unclear. Hypochrolhydria, which is a well known high-risk factor for gastric cancer (Siurala et al. 1966; Svendsen et al. 1986; Correa et al.1990 ), accompanied by corpus atrophy, should be at similar levels in CPG and MAG (Derakhshan et al. 2006) . Simply, the larger area undergoing atrophic changes including intestinal metaplasia in MAG may result in a higher risk of developing cancer (Cassaro et al. 2000; Faraji and Frank 2002) . Additionally, the etiology per se may also be different between the two types of gastritis. That is, H. pylori infection and other triggering factors such as anti-parietal cell antibody may contribute differently to the etiology resulting in distinctive carcinogenic potentials in two types of gastritis (Sugiu et al. 2006; Taguchi et al. 2006) .
The strength of this study is that only patients with early gastric cancer, in whom the tumor size was small and cancer invasion was confined to mucosa or submucosa, were enrolled. In cases with advanced gastric cancer, expansion of tumor damages the stomach functionally and morphologically, possibly impairing appropriate interpretation of gastric serum biomarkers. Since most of early gastric cancer is at a curable stage, a serological screening with the appropriate biomarkers could contribute to decreasing the mortality of gastric cancer. On the other hand, a potential limitation is the bias in choosing the non-GC group from outpatients who visited our university hospital, which does not reflect the general population. Although H. pylori prevalence and serum PG value in the non-GC group of this study were similar to those of the asymptomatic Japanese volunteers in a previous study (Asaka et al. 1992) , a further study with appropriate controls reflecting the general population is required. Another potential limitation is that this study was enrolled mainly in intestinal type gastric cancers.
Since there is only a weak link between atrophic gastritis and the development of diffuse-type gastric cancer (Correa 1992; Palli et al. 2007) , further studies including patients with diffuse-type gastric cancers are needed.
In conclusion, this study has demonstrated that not only corpus atrophy but also antral atrophy is strongly associated with an increased risk for gastric cancer in Japanese subjects. Furthermore, the measurement of serum G17 in combination with serum PG would be beneficial in assessing the topographical pattern of AG and its related gastric cancer risk as a non-invasive method.
